Objective: The leading cause of liver injuries in diabetes mellitus may be associated with fatty liver. We aimed to elucidate the relationship between fatty liver and diabetes characteristics. Methods: Retrospectively, 970 patients with diabetes were analysed. Fatty liver was diagnosed when the liver/spleen Hounsfield unit ratio by computed tomography was below 0.9. Clinical diabetes characteristics were compared between patients with and without fatty liver. Results: Of 970 patients (717 male and 253 female; mean age 64.4 years), 175 males (24.4%) and 60 females (23.7%) had fatty liver. None of the 28 patients with type 1 diabetes had fatty liver. In male patients with type 2 diabetes, age, visceral adipose tissue (VAT), albumin, alanine aminotransferase (ALT), and triglycerides were independently associated with fatty liver. In females, age and bilirubin were associated with fatty liver. Conclusions: Fatty liver is associated with type 2 diabetes characteristics, including younger age and elevated VAT, albumin, ALT, and triglycerides in males and younger age and elevated bilirubin levels in females.
Introduction
The prevalence of diabetes mellitus is rapidly increasing worldwide. In 2011, there were 366 million patients diagnosed with diabetes mellitus globally, and this number is expected to increase to 552 million by 2030. 1 The prevalence of diabetes mellitus in the western Pacific region was estimated to be 8.6% in 2013, and there were reported to be approximately 7.2 million patients with diabetes mellitus in Japan according to the International Diabetes Federation Diabetes Atlas. 2 The leading cause of death in patients with diabetes mellitus in Japan is malignant neoplasia (34.1%) followed by vascular diseases, including diabetic nephropathy, ischemic heart diseases, and cerebrovascular diseases (26.8%). The most common malignancy was liver cancer (8.6%), and liver cirrhosis was the cause of death in 5.6% of all deaths. 3 In Japan, hepatitis viruses are reportedly negative in the majority of patients with chronic liver disease and diabetes mellitus. 4 In addition, there is significant evidence demonstrating a high prevalence of fatty liver in patients with diabetes mellitus. [5] [6] [7] [8] Subsequently, a large proportion of deaths from liver injuries in patients with diabetes mellitus could be associated with fatty liver. In fact, hepatocellular carcinoma related to obesity and diabetes mellitus is rapidly increasing in Japan. 9 Thus, it is critical to assess fatty liver and associated factors in patients with diabetes mellitus.
Many researchers have evaluated the modalities used to estimate steatosis. The gold standard for diagnosis of fatty liver is liver biopsy. However, because of the invasiveness of the procedure and sampling variability, liver biopsy is not suitable for a screening examination to detect fatty liver. 10 Abdominal echo examination is widely used as a clinical screening test to detect the presence of fatty liver and estimate its severity. 11 Recently, researchers have reported the usefulness of the liver/spleen Hounsfield unit (L/S) ratio calculated using computed tomography (CT) in patients with diabetes mellitus. 12, 13 For example, Yoneda et al. 13 reported that serum adiponectin levels are correlated with the L/S ratio. Visceral adipose tissue (VAT) measured by CT is also a reportedly valuable predictor of precancerous lesions, such as colorectal adenoma and Barrett's oesophagus, and other malignancies, including hepatocellular carcinoma. [14] [15] [16] However, the association between the L/S ratio and clinical characteristics of diabetes mellitus, such as VAT, subcutaneous adipose tissue (SAT), body mass index (BMI), and alcohol consumption, remains unclear. Thus, in this study, we aimed to elucidate the relationship between fatty liver and diabetes mellitus characteristics.
Methods Patients
To evaluate the association between fatty liver diagnosed by CT and clinical characteristics of diabetes mellitus, 1264 patients who underwent abdominal CT (for clinical indications, such as abdominal pain and abnormal findings by ultrasound examination) and VAT evaluation at our institution between January 2008 and March 2014 were retrospectively reviewed. We then excluded patients who fulfilled the following criteria: (i) absence or insufficiency of biochemical examinations (n ¼ 21), (ii) positive laboratory confirmation of hepatitis B surface antigen and anti-hepatitis C virus antibodies (n ¼ 26), (iii) history of splenectomy (n ¼ 3), and (iv) not fulfilling the diagnostic criteria of diabetes mellitus according to the 2010 Japan Diabetes Society criteria (n ¼ 244). 17 Finally, the remaining 970 patients with diabetes mellitus were analysed. Type 1 diabetes mellitus was diagnosed according to the Japan Diabetes Society criteria, i.e. based on the clinical history and positive detection of anti-glutamic acid decarboxylase antibodies, anti-islet cell cytoplasmic antibodies, anti-insulin autoantibody, and anti-insulinoma-associated antigen-2. Hypertension, hyperlipidaemia, and hyperuricemia diagnoses were based on the need for medical treatment. The study design was approved by the Ethics Committee at the Institute for Adult Diseases, Asahi Life Foundation and conforms to the Declaration of Helsinki. Patient records were anonymized prior to analysis. The decision of the committee was that the requirement for written informed consent was waived unless the patients refused to allow us to use the data for analysis after deidentification. To date, no patient has refused.
Clinical and laboratory evaluation
Demographic parameters, including age, diabetes mellitus duration (defined as duration from patients' first visit to our hospital to the CT evaluation in this examination), sex, body mass index (BMI), history of smoking [Brinkman index (BI) ¼ daily amounts of tobacco (pieces/day) Â period of smoking (years)], and alcohol intake (g/day), and the treatments administered were recorded. Venous blood samples were obtained after overnight fasting. Haemoglobin A1c (HbA1c; levels were converted and expressed by National Glycohemoglobin Standardization Program values), platelet count, albumin, bilirubin, alkaline phosphatase (ALP), gamma-glutamyl transferase (g-GT), aspartate amino-transferase (AST), alanine aminotransferase (ALT), triglyceride, total cholesterol (total-C), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) levels were measured using standard laboratory techniques.
CT
Patients were subjected to abdominal plain CT (Asteion Super4 Edition or Alexion/ Advance Edition, TOSHIBA Medical Systems, Tochigi, Japan) in the helical mode with 7 mm or thinner slice thickness after overnight fasting. CT numbers (Hounsfield units) were measured at three points respectively in the liver and spleen, avoiding blood vessels and heterogeneous areas. The mean numbers were used to calculate the L/S ratio. We defined the criterion of fatty liver diagnosis as < 0.9 of the L/S ratio. VAT, SAT, and waist circumferences were determined at the umbilical level by Fat Scan software program (Fat Scan, East Japan Institute of Technology, Ibaraki, Japan).
Statistical analysis
All statistical analyses were performed using JMP10 software (SAS Institute, Cary, NC, USA). The Mann-Whitney U test was used to compare means of continuous valuables. Comparisons of nominal variables were conducted by the 2 test or Fisher's exact test as appropriate. Odds ratios (OR) with 95% confidence intervals (CI) were used as a measure of association and were adjusted by unconditional logistic regression models. A two-sided p-value of < 0.05 was considered statistically significant. The parameters that had statistical significance (p < 0.05) in the univariate analysis were selected for multivariate analysis. Patients with type 2 diabetes mellitus were divided into an ALT normal or ALT high group, and the ratio of patients with fatty liver in each group was calculated. The patients were also divided according to triglyceride, BMI, VAT, SAT, and alcohol consumption levels, and the ratio of patients with fatty liver was calculated. The normal levels of these factors were defined as follows: ALT < 40 U/ml; triglycerides < 150 mg/dl; BMI < 25 kg/m 2 ; VAT< 100 cm 2 ; SAT < 100 cm 2 ; and alcohol consumption, male, < 30 g/day and female, < 20 g/day. Heavy drinker is defined both in male and female as alcohol consumption ! 60 g/day. Heavy smoking was defined as BI ! 800.
Results

Characteristics of patients with diabetes mellitus according to sex and fatty liver
The baseline clinical characteristics are summarized in Table 1 . A total of 970 patients (717 male and 253 female) were examined. The median age and BMI in male and female patients with diabetes mellitus was 65 and 67 years and 23.9 and 24.5 kg/m 2 , respectively. Of these, 175 male (24.4%) and 60 female (23.7%) patients with diabetes mellitus were diagnosed with fatty liver by the L/S ratio calculated using CT. There were 17 male and 11 female patients with type 1 diabetes mellitus. None of the patients with type 1 diabetes mellitus had fatty liver.
Most of the parameters, except duration of diabetes mellitus, BMI, albumin, triglycerides, and LDL-C, were significantly different between male and female patients without fatty liver. Age, duration of diabetes mellitus, waist circumference, SAT, and ALP levels were significantly higher in female patients with fatty liver than in male patients with fatty liver. In contrast, albumin, bilirubin, g-GT, ALT, and triglyceride levels were significantly higher in male patients with fatty liver compared with those in female patients with fatty liver. There were no significant differences in BMI, L/S ratio, platelet count, VAT, or HbA1c, AST, total-C, HDL-C, or LDL-C levels between male and female patients with fatty liver. A total of 50 male (28.5%) and four female (6.67%) heavy smokers (BI ! 800) and 40 male (22.8%) and four female (6.67%) heavy drinkers (alcohol intake ! 60 g/day) were diagnosed with fatty liver.
Medications for patients with diabetes mellitus
The medications administered to patients with diabetes mellitus are also displayed in Table 1 . Insulin was administered to 259 male (36.1%) and 120 female (47.4%) patients. Medications for hypertension, hyperlipidaemia, and hyperuricemia were administered to 557 (57.4%), 495 (51.0%), and 79 (8.1%) patients with diabetes mellitus, respectively. Insulin was more likely to be administered to female than male patients without fatty liver. In contrast, other diabetic medications, except dipeptidyl peptidase-4-inhibitors and glucagon-like peptide-1 agonists, were more likely to be administered to male than female patients without fatty liver. Dipeptidyl peptidase-4-inhibitors, glucagon-like peptide-1 agonists, and hyperlipidaemia medications were more likely to be administered to female than to male patients with fatty liver. The rate of administration of the other medications was not significantly different between male and female patients with fatty liver.
Associated risk factors for fatty liver in patients with diabetes mellitus
Next, we investigated the associated factors for fatty liver in 942 patients with type 2 diabetes mellitus (700 male and 242 female). A univariate analysis was performed to compare male patients with and without fatty liver ( (Table 2) . In male patients with diabetes mellitus, no medications examined were associated with fatty liver by multivariate analysis.
Univariate and multivariate analyses were also performed to compare female patients with and without fatty liver (Table 3) . Using multivariate logistic OR, odds ratio; CI, confidence interval; BMI, body mass index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; HbA1c, haemoglobin A1c; ALP, alkaline phosphatase; g-GT, gamma-glutamyl transferase; AST, aspartate aminotransferase; ALT, alanine amino-transferase; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BI, Brinkman Index; a-GI, a-glucosidase inhibitor; DPP-4, inhibitors of dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1 receptor agonists; ARB, angiotensin II receptor blocker; ACE-I, angiotensin converting enzyme inhibitor; CCB, calcium channel blocker *statistically significant (p < 0.05) (Table 3) . In female patients with diabetes mellitus, alcohol consumption was not associated with fatty liver by univariate analysis.
The ratio of fatty liver in diabetes mellitus according to ALT, triglyceride, BMI, VAT, SAT, and alcohol consumption levels Figure 1 .
Discussion
In this study, we aimed to elucidate the clinical characteristics of patients with diabetes mellitus that were diagnosed with fatty liver by L/S ratio using CT. Our results indicated that, in patients with type 2 diabetes mellitus, younger age, high VAT, and albumin, ALT, and triglyceride levels in Figure 1 . The incidence of fatty liver in patients with type 2 diabetes mellitus. The incidence of fatty liver in patients with type 2 diabetes mellitus according to indicated group is shown. The normal ranges are defined as follows: ALT < 40 U/ml; triglycerides < 150 mg/dl; BMI < 25 kg/m 2 ; VAT < 100 cm 2 ; SAT < 100 cm 2 ; and alcohol consumption, male, < 30 g/day and female, < 20 g/day. ALT, alanine amino-transferase; TG, triglyceride; BMI, body mass index; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue males and younger age and high bilirubin levels in females were associated with fatty liver.
The prevalence of fatty liver diagnosed by CT in patients with diabetes mellitus was 24.4% (175/717) in males and 23.7% (60/252) in females. Furthermore, we showed that there were no patients with type 1 diabetes mellitus diagnosed with fatty liver (28 patients). Jimba et al. 6 previously reported that the prevalence of patients with fatty liver diagnosed by ultrasonography in patients with newly diagnosed diabetes was as high as 62% (28/45). The prevalence may vary with the diagnosis modality and targeted patients. Our study patients had a relatively long history of diabetes mellitus (median, 6 and 20 years in male and female patients with fatty liver, respectively). The age of the study patients would also be important for steatosis. In this examination, multivariate analysis revealed that the prevalence of fatty liver decreased with advancing age both in males and females in agreement with a previous study. 18 The term ''burned-out'' denotes a significant reduction in hepatic adiposity with the natural course of non-alcoholic steatohepatitis and is a well-known phenomenon. 19 Our results may reflect the natural course of patients with fatty liver diagnosed by CT in the same manner. In females, although younger age was associated with increased fatty liver, longer duration of diabetes mellitus was a risk factor for fatty liver. The bidirectional relationship linking type 2 diabetes mellitus and fatty liver as previously reported 20 could be a possible explanation, and early onset of diabetes mellitus could be a possible risk factor for fatty liver in female patients with diabetes mellitus.
Interestingly, the associated factors for fatty liver were different between males and females. 21 By multivariate analysis, BMI, waist circumference, and SAT were not significant risk factors for fatty liver in males, but high VAT in males was a significant risk factor, suggesting a critical role of VAT in metabolic syndrome, consistent with a previous report. 22 In contrast, VAT was not a significant risk factor for fatty liver in female patients with type 2 diabetes mellitus by multivariate analysis, in accordance with a previous report indicating a sex difference of the role of VAT in the pathogenesis of fatty liver. 23 Biochemical examinations revealed that high albumin, triglyceride, and ALT levels in males and high bilirubin levels in females were associated risk factors for fatty liver. In this study, the age of female patients was relatively high [median, 67 years (25 th -75 th percentile, 60-74)]. The progression of liver fibrosis is reportedly accelerated by postmenopausal status. 24 The increased risk of fibrosis in postmenopausal women could be a potential explanation for the observed sex differences. In this report, alcohol intake was not related to fatty liver in either males or females, consistent with a previous report on patients with diabetes mellitus. 4, 25 Alcohol consumption may not be a critical factor in the pathogenesis of fatty liver in patients with diabetes mellitus.
Improvements in steatosis by various medications have previously been reported. [26] [27] [28] [29] By univariate analysis in the present study, the ratio of administration of several anti-diabetes medications was statistically different between patients with fatty liver and those without. The only significant difference that remained after adjusting for clinical characteristics, including age and BMI, was insulin use in females. Although our multivariate analysis showed low incidence of fatty liver in female insulin users with type 2 diabetes mellitus, prescription selection depends on several factors, including patient history and extent of complications, which were not included in this study. Subsequently, further examinations are required to identify effective medications for fatty liver.
There are limitations to our study. First, it was a cross-sectional study. We could not assess the effect of duration of anti-diabetic treatments. Thus, a future prospective study is required. Second, liver biopsies were not included. Fibrosis and hepatitis were not evaluated in this study. Third, some possibly influential information, such as exercise habits, diet, and obstructive sleep apnoea of the patients, 30, 31 was not included. Previous studies have reported that a high percentage (15%-21%) of Asian-Pacific patients with non-alcoholic fatty liver disease are non-obese (with BMI < 25.0 kg/m 2 ). 32 In this study, 14.9% and 16.1% of fatty liver cases were diagnosed in male and female patients with type 2 diabetes mellitus with BMI < 25.0 kg/m 2 , respectively ( Figure 1 ). In addition, the present study revealed that 15.4% of males and 19.1% of females with type 2 diabetes mellitus that were diagnosed with fatty liver had normal ALT levels. This is consistent with a previous report showing that non-alcoholic fatty liver disease can be observed in individuals with normal ALT values. 33 
Conclusion
In conclusion, this study identified the factors associated with fatty liver diagnosed by L/S ratio using CT in patients with type 2 diabetes mellitus. Fatty liver is associated with clinical characteristics of type 2 diabetes mellitus, such as younger age, increased VAT, and elevated albumin, ALT, and triglyceride levels in males and younger age and elevated bilirubin levels in females.
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